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TITLE 

METHOD OF FILLING BIT LINE CONTACT VIA 

BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present invention relates to a method of filling a 

bit line contact via, and more specifically to a method of 
forming a conductive layer in the bit line contact via. 
Description of the Related Art 

Figs. 1A through 1H are cross-sections illustrating a 

10 conventional method of filling a bit line contact via. 

In Fig. 1A, first, a substrate 100, such as single 
crystalline silicon, having a device region 101, periphery 
region 102, and periphery region 103 is provided. The 
device region 101 has a transistor structure having a gate 

15 electrode 120 protruding from an active surface of 
substrate 100. A drain region 112 and source region 114 
are disposed on the active surface on both sides of the 
gate electrode 120 respectively. Gate electrode 120 is a 
word line, having a multi- level structure as desired. For 

20 example, gate electrode 120 in Fig. 1A has gate dielectric 
layer 121, polycrystalline silicon layer 122 and metal 
silicide layer 123 as conductive layers, and hard mask 
layer 124 sequentially or the active surface of substrate 

100. Periphery region 103 has the same multi-level 
25 structure as that of gate electrode 120. A patterned 

resist layer 191 overlying substrate exposes device region 

101. The drain region 112 is doped with a dopant 10, 
usually an element in either group 13 (UlA) or 15 (Va) of 
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the periodic table such as As, by ion implantation in order 
to decrease the contact impedance of bit line contact when 
a conductive layer is subsequently formed on drain region 
112 . 

5 In Fig. IB, the patterned resist layer 191 is removed 

when ion implantation is completed. A silicon nitride 
layer is then formed on substrate 100 and patterned to form 
a spacer 125 on the sidewall of gate electrode 120. 
Further, if the recipe is not properly controlled during 
10 ion implantation, the dopant 10 in drain region 112 and 
source region 114 will diffuse, resulting in an extended 
drain region 112 and source region 114, thereby shortening 
the channel region between drain region 112 and source 
region 114 . 

15 In Fig. 1C, a dielectric layer 130 and patterned 

resist layer 192 are sequentially formed on substrate 100. 
The patterned resist layer 192 has openings 192a through 
192c exposing a part of dielectric layer 130 respectively. 

In Fig ID, the exposed dielectric layer 130 is removed 

20 by anisotropic etching using patterned resist layer 192 as 
an etching mask, forming a via 131 exposing drain region 
112 as a bit line contact via, via 132 exposing substrate 
100 as a contact via of periphery region 102, and via 133a 
exposing hard mask layer 124. The patterned resist layer 

2 5 192 is then removed. 

In Fig. IE, a patterned resist layer 193 is formed on 
substrate 100. The patterned resist layer 193 has an 
opening 193a, approximately as large as via 133a, directly 
above via 133a, exposing the hard mask layer 124 in 

30 periphery region 103. 
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In Fig. IF, the exposed hard mask layer 124 is removed 
by anisotropic etching using patterned resist layer 193 as 
an etching mask. Thus, via 133, exposing metal silicide 
layer 123, is formed as a contact via of periphery region 
5 103. The patterned resist layer 193 is then removed. 

In Fig. 1G, a conductive barrier layer 140 is 
conformally formed on the exposed active surface of 
substrate 100, avoiding the inter-diffusion between a 
subsequently formed conductive layer and every drain region 
10 112 exposed by via 131, substrate 100 exposed by via 132, 
and metal silicide layer 123 exposed by via 133 which can 
negatively affect the electrical performance and 
reliability of the end product. The barrier layer 140, 
usually has a conductive TiN layer, formed by forming a Ti 
15 layer on the exposed active surface of substrate 100 using 
sputtering, and annealing substrate 100 in a nitrogen 
atmosphere . 

In Fig. 1H, a tungsten layer is filled in vias 131 
through 133 by chemical vapor deposition (CVD) as bit line 

2 0 contact and periphery contact. 

As described in Figs. 1A and IB, the channel region 
between drain region 112 and source region 114 is shortened 
resulting from the extension of drain region 112 and source 
region 114. Therefore, exerting a lower voltage between 

25 drain region 112 and source region 114 can cause electric 
conduction, thereby negatively affecting the electric 
performance of device region 101. The SEM photograph shown 
in Fig. 3 illustrates a bit line contact structure 
fabricated by the aforementioned flow. The area A in Fig. 
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3 illustrates the extended drain region 112 resulting from 
doping dopant 10 therein. 

Further, the sputtering step during formation of 
barrier layer 14 0 damages the lattice structure of drain 
5 region 112, resulting in unwanted carriers remaining in the 
drain region 112, thereby further negatively affecting 
electrical performance and reliability of the end product. 

SUMMARY OF THE INVENTION 

Thus, objects of the present invention are to provide 

10 a method of filling a bit line contact via, avoiding 
abnormal extension of drain region and source region 
resulting from directly doping the exposed drain region and 
source region using ion implantation, and resulting in 
unwanted carriers and lattice damage in the exposed drain 

15 region, in order to improve electrical performance and 
reliability of the end product. 

In order to achieve the described objects, the present 
invention provides a method ■ of filling a bit line contact 
via. First, a substrate having a device region and 

2 0 periphery region is provided. The device region has a 
transistor having a gate electrode, drain region, and 
source region, on the substrate. Then, a dielectric layer 
is formed overlying the substrate. The dielectric layer 
has a bit line contact via exposing the drain region, and 

2 5 periphery contact via exposing the periphery region. Next, 
a doped conductive layer, lower than the dielectric layer, 
is formed overlying the drain region. Further, a barrier 
layer is conformally formed overlying the dielectric layer, 
doped conductive layer, and periphery region. Finally, a 
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first conductive layer is formed filling the bit line 
contact via and periphery contact via. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood by 
5 reading the subsequent detailed description in conjunction 
with the examples and references made to the accompanying 
drawings , wherein : 

Figs. 1A through 1H are cross-sections illustrating a 
conventional method of filling a bit line contact via. 
10 Figs. 2A through 2 J are cross - sect ions illustrating a 

method of filling a bit line contact via of the present 
invention . 

Fig. 3 is a SEM photograph illustrating a bit line 
contact structure fabricated by the known art. 
15 Fig. 4 is a SEM photograph illustrating a bit line 

contact structure fabricated by the inventive method. 

DETAILED DESCRIPTION OF THE INVENTION 

The following embodiment is intended to illustrate the 
invention more fully without limiting the scope of the 
20 claims, since numerous modifications and variations will be 
apparent to those skilled in this art. 

Figs. 2A through 2 J are cross-sections illustrating a 
method of filling a bit line contact via of the present 
invention . 

25 In Fig. 2A, first, a substrate 200, such as single 

crystalline silicon, having a device region 201, periphery 
region 2 02, and periphery region 2 03, is provided. The 
device region 2 01 has a transistor structure having a gate 
electrode 22 0 protruding from an active surface of 
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substrate 200. A drain region 212 and source region 214 
are disposed on the active surface respectively on both 
sides of the gate electrode 220. Gate electrode 220 is a 
word line, having a multi- level structure as needed. For 
5 example, gate electrode 220 in Fig. 2A has gate dielectric 
layer 221 such as an oxide layer, polycrystalline silicon 
layer 222 and metal silicide layer 223, such as tungsten 
silicide, as conductive layers, and hard mask layer 224 
such as silicon nitride sequentially from the active 

10 surface of substrate 200. Periphery region 203 has the 
same multi-level structure as that of gate electrode 220. 
Compared to the known art, neither drain region 212 nor 
source region 214 is doped by ion implantation in this 
embodiment. Doping steps on drain region 212 of the 

15 present invention are shown in subsequent Figs. 2G and 2H. 

In Fig. 2B, an insulting layer such as silicon nitride 
is formed overlying substrate 200 and patterned in order to 
form spacer 225 overlying the sidewall of gate electrode 
220. Compared to the known art, drain region 212 and 

2 0 source region 214 still maintain their original range 
resulting from not doped by ion implantation, thereby 
maintaining the channel region between drain region 212 and 
source region 214. 

In Fig. 2C, a dielectric layer 230 such as an oxide 

25 layer and a patterned resist layer 292 are sequentially 
formed overlying substrate 200. Further, formation of 
dielectric layer 230 can be divided into a plurality of 
sub-steps such as forming a boro-phosphosilicate glass 
(BPSG) layer (not shown) , capable of filling a tiny hole, 

30 overlying substrate 200, planarizing the BPSG layer, 
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blanketly forming an oxide layer (not shown) overlying the 
BPSG layer using methods such as CVD, using a precursor 
comprising tetra ethoxysilane (TEOS) , and planarizing the 
oxide layer. The patterned resist layer 2 92 has openings 
5 292a through 292c exposing a part of dielectric layer 230. 

In Fig. 2D, the exposed dielectric layer 230 is 
removed by anisotropic etching using the patterned resist 
layer 292 as an etching mask in order to form a via 231 as 
a bit line contact via exposing drain region 212, via 232 

10 as a contact via of periphery region 232, exposing 
substrate 200, and via 233a exposing hardmask 224. The 
patterned resist layer 292 is then removed. 

In Fig. 2E, a patterned resist layer 293 is formed on 
substrate 200. The patterned resist layer 293 has an 

15 opening 293a, approximately as large as via 233a, directly 
above via 233a, exposing the hard mask layer 224 in 
periphery region 2 03. 

In Fig. 2F, the exposed hard mask layer 224 is removed 
by anisotropic etching using patterned resist layer 2 93 as 

20 an etching mask. Thus, via 233, exposing metal silicide 
layer 223, is formed as a contact via of periphery region 
203. The patterned resist layer 293 is then removed. 

In Fig. 2G, a conductive layer 260 doped with an 
element in either group 13 ( IIlA) or 15 ( V A) of periodic 

25 table on all the exposed surface of substrate 200. The 
conductive layer 260 is preferably polycrystalline silicon 
doped with As. Dopants in conductive layer 260 can diffuse 
into drain region 212, resulting in decreasing the contact 
impedance of bit line contact when a conductive layer is 

30 subsequently formed on drain region 212, and further 
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maintaining the original ranges of drain region 212 and 
source region 214, thereby maintaining the designed 
electrical performance of device 201 and improving the 
electrical performance of the end product. 
5 In Fig. 2H, the unwanted conductive layer 260 is 

removed by etching, remaining the conductive layer 2 60 
lower than the bottom of via 231, contacting drain region 
212 . 

In Fig. 21, a conductive barrier layer 24 0 is 

10 conformally formed overlying substrate 200, avoiding the 
inter-diffusion between a subsequently formed conductive 
layer and every drain region 212 exposed by via 231, 
substrate 200 exposed by via 232, and metal silicide layer 
223 exposed by via 233 which can negatively affect 

15 electrical performance and reliability of the end product. 
The barrier layer 24 0, usually has a conductive TiN layer, 
formed by forming a Ti layer on the exposed active surface 
of substrate 200 using sputtering, and annealing substrate 
200 in a nitrogen atmosphere. Compared to the known art, 

20 the previously formed conductive layer 260 protects drain 
region 212 from damage resulting from sputtering during 
formation of barrier 24 0, neither unwanted carriers remain 
nor lattice damage occurs in the drain region 212, thereby 
improving electrical performance, and reliability of the 

2 5 end product. 

In Fig. 2 J, a conductive layer 250, such as tungsten, 
as bit line contact and periphery contact is filled in vias 
231 through 233 by methods such as CVD. 

A SEM photograph illustrating a bit line contact 

30 structure fabricated by the aforementioned steps of the 
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present invention is shown in Fig. 4. The drain region 
below the conductive layer 2 60 maintains its original range 
as a result of not being doped by ion implantation. 

Thus, the results shown prove efficacy of the 
5 inventive method in forming a doped conductive layer as bit 
line contact on a drain region as a dopant source and 
passivation, avoiding abnormal extension of the drain 
region and source region, and eliminating unwanted carriers 
and lattice damage in the exposed drain region, achieving 

10 the objects of the present invention. 

Although the present invention has been particularly 
shown and described with reference to the preferred 
specific embodiment and example, it is anticipated that 
alterations and modifications thereof will no doubt become 

15 apparent to those skilled in the art. It is therefore 
intended that the following claims be interpreted as 
covering all such alteration and modifications as fall 
within the true spirit and scope of the present invention. 
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